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Abstract 0 Antifungal studies were made of mixtures of minimal inhibitory concentrations (MICs) of 8-quinolinol and its 5- and 7-halo analogues against six fungi: Aspergillus niger, A. oryzae, Trichoderma viride,
Myrothecium verrucaria, Mucor cirinelloides, and Trichophyton mentagrophytes. Mixtures of 8-quinolinol with 5- or 7-fluoro-8-quinolinol and of
5- and 7-fluoro-8-quinolinol showed additive activity, and their respective
toxicities were reversed by L-cysteine. These results suggested a
common mechanism of activity for the three toxicants. Potentiation of the
fungitoxicity of mixtures of 8-quinolinol and its 5· and 7-chloro, bromo,
and iodo analogues, as well as mixtures of 5- and 7-chloro, 5- and
7-bromo, and 5- and 7-iodo-8-quinolinols, along with the absence of
protection of the fungi by L·cysteine from the toxicities of these compounds was observed. This suggested that the modes of action of these
compounds were different from each other and from 8-quinolinol and the
5- and 7-fluoro analogues. The geometry of 8-quinolinol as influenced by
substituents in the 5- and 7- positions of the molecule determines its
site(s) of fungitoxicity.

In an earlier study we reported that the toxicity of 8-quinolinol to Aspergillus oryzae was reversed by small thiolcontaining molecules (cysteine, glutathione, cysteamine and
N-acetylcysteine), whereas that of 5-iodo-8-quinolinol was
not.1 Subsequent work showed that there was synergism
bet~een the two quinolinols against six fungi: A. niger, A .
oryzae, Trichoderma viride, Myrothecium verrucaria, Mucor
cirinelloides, and Tricophyton mentagrophytes.2There was no
interaction between the two toxicants in solution as was
apparent frotn the UV spectra of the individual compounds
and those of the mixture (unpublished results). These observations indicated that the fungitoxic mechanisms of the two
compounds were different. To extend this study, it was of
interest to determine if there are similar relationships between the fungitoxicities of 8-quinolinol and its other 5- and
7-halo analogues.
The present work is concerned with determining the fungitoxic relationships of the other 5- and 7-halo-8-quinolinols
to 8-quinolinol, as well as how the respective pairs of 5- and
7-halo compounds relate to each other. Tests for synergism
between 8-quinolinol and its halo analogues were carried out
in Sabouraud dextrose broth, a complex medium, against the
six fungi. To determine the effect of cysteine on the inhibitory
action of the toxicants to the fungi, the defined medium
Vitamin Free Yeast Base, supplemented with asparagine,
was employed. This medium supported good growth of all the
test fungi except T. mentagrophytes.

Experimental Section
8-Quinolinol, 5-chloro-8-quinolinol, and 5-iodo-8-quinolinol were
purchased from Aldrich Chemical Company, Milwaukee, WI, as was
L-cysteine hydrochloride monohydrate and L-asparagine. The remaining 8-quinolinols were prepared according to methods in the
literature: 5-fluoro, 3 7-fluoro, 4 7-chloro,5 5-bromo,6 7-bromo,5 and
7-iodo.5 The physical constants of the test samples were the same as
those reported.
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The test fungi consisted of A. niger (ATCC 1004), A. oryzae (ATCC
1101), M. verrucaria (ATCC 9095C), T. viride (ATCC 8678), M.
cirinelloides (ATCC 7941), and T . rnentagrophytes (ATCC 9127). The
compounds were tested in Sabouraud dextrose broth (Difco Labs,
Detroit, Ml) according to published methods.2.a To 39.2 mL of
Sabouraud dextrose broth prepared in deionized water was added 0.4
mL of dimethyl sulfoxide (Me2SO) containing toxicant, followed by
0.4 mL of spore suspension of the respective test organism. The
inoculum contained 6 x 106 spores/mL in sterile saline.9 The MICs of
the toxicants were obtained in ~/mL by serial dilutions of the Me2 SO
solutions and recalculated to a molar basis for comparison. The flasks
were incubated on a rotary shaker for 6 d at 28 oc, and the data on
growth or no growth were recorded. Synergism was sought by
co-dissolving MIC levels of the toxicants in,Me2SO and incorporating
them into the growth medium in 10% increments from 10 to 100% of
the mixtures. Studies of the reversal of toxicity of the 8-quinolinols
by cysteine were carried out in Vitamin Free Yeast Base (Difco)
medium supplemented with 0.088% asparagine. The assay was
carried out in a manner similar to that with Sabouraud dextrose
broth. Cysteine hydrochloride was sterilized by filtration and added
aseptically to the medium containing MICs of toxicant in the ratio of
10 and 100 mol/mol of toxicant.

Results
The MICs of the 8-quinolinols against the six fungi in
Sabouraud dextrose broth and of the same organisms, excluding T. mentagrophytes, in Vitamin Free Yeast Base supplemented with L-asparagine are summarized in Tables I and II,
respectively. The MICs in Sabouraud dextrose broth of8-quinolinol and its 5- and 7-iodo analogues were reported recently2 and have not been repeated for this study. The MICs of the
5-halo-8-quinolinolslo and the 7-halo-8-quinolinols4 in this
medium were reported previously, and many of the current
results differed significantly from those obtained earlier. This
may be due to changes that may have been made in the
medium over the years, and since the values in Table III are
dependent on the accuracy of the data in Table I, it was
necessary to obtain current MICs for the six 8-quinolinols
which were not reported recently.
Data on fungal inhibition due to mixtures composed of
8-quinolinol and its 5- and 7-halogenated analogues and
between 5- and 7-fluoro, 5- and 7-chloro, 5- and 7-bromo, and
5- and 7-iodo-8-quinolinols are reported in Table III. Where an
inhibitory level of a compound was < 1 JLg/mL, the lowest level
tested, it was not considered a MIC and the mixture was not
teste~. Of the 57 results shown in Table III, 38 included
mixtures which inhibited the fungus at 40% or less of the
mixture. Inhibition at the 50% level of the mixture was
observed in 18 cases, and it was between mixtures of 8-quinolinol and its 5-fluoro analogue, 8-quinolinol and its 7-fluoro
analogue, and between 5-fluoro and 7-fluoro-8-quinolinols.
The inhibition of M. cirinelloides by the mixture of 5- and
7-halo-8-quinolinols was at the 80% level of the mixture.
Table IV contains the results of the effect of L-cysteine on
the fungitoxicity of 8-quinolinol and its 5- and 7-halo analogues in Vitamin Free Yeast Base against A . niger, A.
0022-3549191/0600-0542$01.00/0
© 1991, American Pharmaceutical Association

Table 1-Minlmal Antifungal Activity of 8-Qulnollnol and Its 5- and 7-Halogenated Analogues In Sabouraud Dextrose Broth at 28 oc In
Shake Flasks after Six Days
Minimal Antifungal Activity, nmoi/L (J.LQ/ml)
Compound
8-Quinolinol 8
5-Fiuoro-8-quinolinol
7 -Fiuoro-8-quinolinol
5-Chloro-8-quinolinol
7-Chloro-8-quinolinol
5-Bromo-8-quinolinol
7-Bromo-8-quinolinol
5-lodo-8-quinolinola
7 -lodo-8-quinolinol

A. niger

A. oryzae

M. verrucaria

T. viride

M. cirinelloides

T. mentagrophytes

0.14 (20)
0.11 (18)
0.049 (8)
0.017 (3)
0.017 (3)
0.013 (3)
0.013 (3)
0.018 (5)
0.0074 (2)

0.12(18)
0.086 (14)
0.025 (14)
0.011 (2)
0.011 (2)
0.0089 (2)
0.013 (3)
0.026 (7)
0.011 (3)

0.034 (5)
0.025 (4)
0.018 (3)
< 0.0056 (< 1)b
< 0.0056 (< 1)
< 0.0045 (< 1)
< 0.0045 (< 1)
0.0074 (2)
< 0.0037 ( < 1)

0.14 (20)
0.11 (18)
0.037 (6)
0.017 (3)
0.011 (2)
0.013 (3)
0.018 (4)
0.030 (8)
0.015 (4)

0.17 (24)
0.16 (26)
0.061 (10)
0.028 (5)
0.028 (5)
0.027 (6)
0.031 (7)
0.140 (37)
0.037 (10)

0.041 (6)
0.025 (4)
0.012 (2)
<0.0056 (<1)
<0.0056 (<1)
<0.0045 (< 1)
0.0089 (2)
0.0074 (2)
<0.0037 ( < 1)

a Taken from ref 2. b The < symbol indicates inhibitory at < 1 J.LQ/ml (the lowest level tested).

Table 11-Minlmal Antifungal Activity of 5· and 7-Halo-8-Qulnollnols In VItamin Free Yeast Base at 28 oc in Shake Flasks after Six Days
Minimal Antifungal Activity, nmoi/L (J.LQ/ml)
Compound
8-Quinolinol
5-Fiuoro-8-quinolinol
7-Fiuoro-8-quinolinol
5-Chloro-8-quinolinol
7 -Chloro-8-quinolinol
5-Bromo-8-quinolinol
7-Bromo-8-quinolinol
5-lodo-8-quinolinol
7-lodo-8-quinolinol
a

A. niger

A. oryzae

M. verrucaria

T. viride

M. cirinelloides

0.069 {10)
0.043 (7)
0.012 (2)
0.011 (2)
0.011 (2)
0.0089 (2)
0.0089 (2)
0.0074 (2)
0.0074 (2)

0.083 (12)
0.074 (12)
0.018 (3)
0.011 (2)
< 0.0056 (< 1)
0.0089 (2)
0.0089 (2)
0.0074 (2)
0.0074 (2)

0.021 (3)
0.012 (2)
< 0.0061 (< 1)8
< 0.0056 (< 1)
< 0.0056 (< 1)
0.0089 (2)
0.0089 (2)
0.0074 (2)
< 0.0037 (< 1)

0.083 (12)
0.055 (9)
0.024 (4)
0.022 (4)
0.017 (3)
0.013 (3)
0.0089 (2)
0.0074 (2)
0.0074 (2)

0.096 (14)
0.098 (16)
0.031 (5)
0.022 (4)
0.028 (5)
0.022 (4)
0.039 (9)
0.026 (7)
0.015 (4)

The < symbol indicates inhibitory at < 1 J.LQ/ml (the lowest level tested).

Table Ill-Synergism Sought between 8-Qulnollnol and Its 5- and 7-Halogenated Analogues and between 5- and 7-Fiuoro, 5- and
7-Chloro, 5- and 7-Bromo, and 5- and 7-lodo-8-Quinolinols in Sabouraud Dextrose Broth at 28 oc in Shake Flasks after Six Days
Mixture
8-Quinolinol + 5-fluoro-8-quinolinol
8-Quinolinol + 7-fluoro-8-quinolinol
8-Quinolinol + 5-chloro-8-quinolinol
8-Quinolinol + 7-chloro-8-quinolinol
8-Quinolinol + 5-bromo-8-quinolinol
8-Quinolinol + 7-bromo-8-quinolinol
8-Quinolinol + 5-iodo-8-quinolinolb
8-Quinolinol + 7-iodo-8-quinolinol
5-Fiuoro-8-quinolinol + 7-fluoro-8-quinolinol
5-Chloro-8-quinolinol + 7-chloro-8-quinolinol
5-Bromo-8-quinolinol + 7-bromo-8-quinolinol
5-lodo-8-quinolinol + 7-iodo-8-quinolinol

A. niger

A. oryzae

50 8
50
30
20
30
20
20
20
50
30
20
< 10d

50
50
30
30
30
40
30
40
50
30
30

40

M. verrucaria
50
50

-

-

c
c
c
c

< 10d

-

c

50

-

c
c
c

T. viride

M. cirinelloides

T. mentagrophytes

50
50
30
30
30
30
20
30
50
30
20
< 10d

50
50
40
40
40
40
20
30
50
80
80
80

50
50

-

-

-

c
c
c

20
< 10d

-

50

-

-

c
c
c
c

Percent of mixture containing MICs of each toxicant causing 1OOo/o inhibition. b Taken from ref 2. c Not tested because at least one of the
components of the mixture inhibited the fungus at < 1 J.LQ/ml (the lowest level tested); that is not a true MIC. d Inhibitory at < 10°/o of the mixture (the
lowest level tested) .
a

oryzae, M. uerrucaria, T. viride, and M. cirinelloides. These
fungi were protected from the toxic effect of 8-quinolinol and
its 5- and 7-fluoro analogues by < 10 moles of cysteine per
mole of toxicant, whereas the toxicity of none of the other
halogenated 8-quinolinols was affected by > 100 moles of
cysteine per mole of toxicant.

Discussion
We demonstrated that 8-quinolinol and its fluorinated
derivatives appear to attack the same site(s) of action by
virtue of protection of the fungi from their toxicities by
cysteine and by the additive results obtained when mixtures
are employed (no synergism). The fungi are not protected by
cysteine from the toxic action of the chloro, bromo, and iodo
analogues of 8-quinolinol. A synergistic effect was observed in
the toxicity against the fungi when mixtures of 8-quinolinol

and each of the chloro, bromo, or iodo analogues was tested.
Mixtures of the 5- and 7-chloro, 5- and 7-bromo, and 5- and
7-iodo-8-quinolinols were also synergistic. The explanation
which appears most obvious is that when the geometries and
activities of the molecules are nearly the same, they affect the
same sites of action. This implies that the quinolinols are
bound to the active sites at the 2, 3, 4, 5, 6, and/or 7 positions
of the molecule and not the 1 and 8 positions.
To explore another common consideration, we carried out
QSAR calculations.n The 1r-values12 and u-valuesla were
taken from the literature. The equation derived for the best
fit of the data for the 5-substituted 8-quinolinols is In 1/C =
2.5657T- 1.459u + 2.593, and for the 7-substituted analogues
is In 1/C = 1.4237T + 0.590u + 2.232.
The combined 5 and 7 series showed a much poorer fit, the
variance increasing by a factor of 60. The opposing factors for
Journal of Pharmaceutical Sciences I 543
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Table IV-Effect of L-Cystelne on the Fungitoxicity of 8-Qulnollnol and Its 5- and 7-Halogenated Analogues in VItamin Free Yeast Base
at 28 oc In Shake Flasks after Six Days
Effect of L-Cysteine on Fungitoxicity 8

Compound
8-Quinolinol
5-Fiuoro-8-quinolinol
7-Fiuoro-8-quinolinol
5-Chloro-8-quinolinol
7-Chloro-8-quinolinol
5-Brotno-8-quinolinol
7-Bromo-8-quir'!Oiinol
5-lodo-8-quinolinol
7-lodo-8-quinolinol

A. niger

A. oryzae

M. verrucaria

T. viride

M. cirinelloides

+
+
+

+

+
+

+
+

+
+
+

+
+

+

+

a (+) Reversal of inhibition at < 10:1 molar ratio of L-cysteine to toxicant; (-) inhibition not reversed at > 100:1 molar ratio of L-cysteine to toxicant.

in these series are also a clear indication that the 5- and
7-halo-substituted compounds behave quite differently and
suggest that the neglect of steric factors in the QSAR
calculations may account for the difference in effect of the
compounds on these organisms. While QSAR cannot explain
synergism, the lack of a close fit in SAR between the combined
series of compounds is consistent with the differences i.n
behavior and with the suggestion that steric factors are
predominant in explaining these differences.
If it is true that chelation is the basis for fungitoxicity,l4-16
all of the 8-quinolinols studied possess this property. The
differences in the sites of action can be rationalized on the
basis of the steric effects introduced into the molecule by the
halogeri substituents. Fluorine an.d hydrogen are nearly
isosteric · and, consequently, 8-quinolinol and its 5- and
7-fluoro analogues behave similarly. Chlorine, bromine, and
iodine possess much larger van der Waals radii than hydrogen
and fluorine and are sterically not compatible with the
receptor site(s) which accommodate 8-quinolinol and its
fluorinated analogues. When the halogen is chlorine, bromine, or iodine, the position of substitution on the ring also
results in the formation of sterically different analogues. This
would, in part, be the explanation for the synergism between
5- and 7-chloro-8-quinolinol, 5- and 7-bromo-8-quinolinol, and
5- and 7-iodo-8-quinolinol.
In the earlier literature17 there is a report attempting to
relate the fungitoxicity of 8-quinolinol and 5,7-dichloro-8quinolinol to i~bition of enzyme action. Comparative tests
were carried out against pancreatic amylase, malt amylase,
beef catalase, and polyphenol oxidase (tyrosinase) at 10 ~ 3 mol
levels of the quinolinols. Pancreatic amylase was inhibited
4% by 8-quinolinol and 59% by 5, 7-dichloro-8-quinolinol. The
comparative inhibitions for malt amylase were 4 and 37%, for
beef catalase i2 and 76%, and for polyphenol oxidase 33 and
69%. The amylases are not known to contain metals; this
implies that the inhibition of these enzymes is not due to
chelation of metallic co-enzymes and that the difference in
activity of the two 8-quinolinols may be related to the steric
differences of the molecules. This appears to be consistent
with our hypothesis that steric factors influence the fungitoxic mechanism(s) of 8-quinolinols. Beef catalase and polyphenol oxidase contain iron and copper, respectively. The
inhibitory activity of 5,7-dichloro-8-quinolinol against these
two enzymes is significantly greater than that of 8-quinolinol.
It would be surprising ifremoval of the metal from the enzyme
by chelation is the primary mechanism of toxicity since the
u
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avidity of 8-quinolinol for metals is generally greater than
that of 5, 7-dichloro-8-quinolinol. As an example, the stability
constants for 8-quinolinol and its 5,7-dichloro analogue with
copper are 2.3 x 1024 and 2.3 x 102 3 , respectively. 1a This
would also be in agreement with the concept that the size and
shape of the molecule play a vital role in fitting into the
receptor sites of the enzyme to be inhibited.
In conclusion, evidence has been presented here that (1 )
8-quinolinol and its 5- an9 7-fluoro analogues may possess a
similar mode of fungitoxiCity; (2 ). the fungitoxic mechanisms
for 5- and 7-chloro, bromo, and iodo-8-quinolinols are all
different from each other and from 8-quinolinol and its 5- and
7-fluoro analogues; and (3) the geometry of 8-quinolinol, as
influenced by substituents in the 5- and 7-positions of the
molecule, determines its site of fungitoxicity.
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